Background: The Nutritional Risk Screening 2002 (NRS-2002) is a widely recommended nutrition risk indicator. Two cut-offs have been proposed for intensive care unit (ICU) patients to classify nutrition risk: ࣙ3-<5, at risk and ࣙ5, high risk. To date, no study has directly compared these cut-offs. The aim of this study is to compare the NRS-2002 ICU nutrition risk cut-offs as predictors of clinical outcomes including infections, ICU and hospital mortality, length of stay (LOS), duration of mechanical ventilation (MVd), weaning failure, tracheotomy for prolonged MVd, and chronic critical illness (CCI). Methods: Adult patients were screened and stratified according to NRS-2002 ICU criteria. Clinical, epidemiologic, and nutrition data were extracted from medical records. Statistical analysis for independent samples and Poisson regression were performed. Results: A total of 185 patients were screened: 1 (0.54%) no risk; 96 (51.89%) at risk, and 88 (47.56%) high risk. High-risk patients were older, had higher Simplified Acute Physiology Score 3 (62.0 ± 14.1 vs 53.0 ± 12.9, respectively; P < .001) and Sequential Organ Failure Assessment (6.9 ± 3.7 vs 5.1 ± 3.1, respectively; P < .001), and developed more infections (42 [47.8%] vs 27 [28.1%]; P = .010). No differences were found for ICU and hospital LOS, MVd days, weaning failure, tracheotomy, and CCI. ICU and hospital mortality were higher in high-risk patients. The high-risk cut-off was predictor of ICU mortality (relative risk 2.10, 95% confidence interval 1.07-4.14; P = .032). Conclusion: Our data suggest that the NRS-2002 high-risk cut-off is associated with worse clinical outcomes and is a predictor for ICU mortality. (Nutr Clin Pract. 2019;34:137-141) 
Introduction
Critically ill patients are at nutrition risk due to the physiologic and metabolic changes in response to trauma and acute illness. Inflammatory mediators, including cytokines and hormones, signal these changes to repair tissue and mount immune responses. 1, 2 For this reason, it is not unusual for well-nourished patients at admission to experience nutrition status deterioration as they spend days and weeks in intensive care.
In the intensive care unit (ICU) population, nutrition risk refers to the risk of developing complications, such as muscle weakness, longer duration of mechanical ventilation (MVd), immunosuppression, infections, and longer hospital length of stay (LOS). 4 These adverse events, due to nutrition-related factors, might be avoided by the provision of timely and adequate nutrition therapy (NT). 4 Literature also suggests that patients with higher nutrition risk probably benefit more from nutrition interventions than those with lower nutrition risk. 5, 6 According to the American Society for Parenteral and Enteral Nutrition (ASPEN), all patients admitted to ICUs should undergo a nutrition risk screening. 7 The following tools are recommended: Nutritional Risk Screening 2002 (NRS-2002) 8 and Nutrition Risk in the Critically ill (NUTRIC). 6 The ASPEN guideline also suggests that patients with NRS-2002 ࣙ5 (high risk) could benefit further from early/aggressive NT. 7 However, an NSR-2002 score was not developed for critically ill patients. Furthermore, NRS-2002 originally classifies patients into 2 groups: with risk (cut-off ࣙ3) and no risk (cut-off <3). The high-risk cutoff (ࣙ5) is an expert-based recommendation.
To date, no study has directly compared the cut-off points proposed for assessing nutrition risk, ie, ࣙ3-<5 for risk and ࣙ5 for high risk. The aim of this study is to determine the association between these 2 criteria and clinical outcomes related to poor nutrition status (infection rates, mortality, ICU and hospital LOS, MVd in days, weaning failure, tracheotomy for prolonged MVd, and chronic critical illness [CCI] ) and their ability to predict ICU and hospital mortality.
Methods
A prospective cohort study was carried out in the adult ICU of a public tertiary teaching hospital. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement was used to organize and report results. 9 The sample consisted of ICU patients, of both sexes, >19 years of age, admitted to the unit from August 2017-January 2018. Patients were excluded when end-of-life care was ordered or nutrition data were insufficient for nutrition risk screening. The protocol was approved by the facility's institutional review board. Informed consent was obtained from the person legally responsible for the patient after the procedures were explained. The authors signed an agreement to preserve patient and staff anonymity related to use of this data.
Clinical and sociodemographic data were collected from electronic medical records upon admission to the unit by 2 experienced registered dietitians. (Table  S1 ) and classified according to ASPEN guidelines 7 : <3 no risk; ࣙ3-<5 nutrition risk, and ࣙ5 high nutrition risk. Patient medical records were used for data verification as well as consultation with patient caretakers and/or family for supplementary information when needed.
Outcome measures included infections (according to the medical records), ICU and hospital mortality and LOS, MVd days, weaning failure (need for reinstitution of ventilatory support within 48 hours of extubation), tracheotomy for prolonged MVd, and onset of CCI.
Statistical Analysis
Sample size was calculated on the basis of the study conducted byÖzbilgin et al, 12 which found a difference of 1.3 points in NRS-2002 scores (4.56 ± 2.24 vs 5.86 ± 2.34; P-value = .026) between survivors and non-survivors and a survivor to non-survivor ratio of 0.66, a type I error of 5%, and a type II error of 80%, requiring 174 patients for inclusion.
Statistical analysis was performed by categories, considering 2 nutrition risk groups (ࣙ3 points-<5, risk; ࣙ5 points, high risk). Continuous variables were compared using Student's t-test and, in case of asymmetry, MannWhitney U test. To assess associations between categoric variables, either Pearson's χ 2 test or Fisher's exact test were used. Poisson regression was performed to assess the performance of the NRS-2002 cut-offs to predict ICU and hospital mortality with age, SAPS 3 score, and type of admission as confounders in the adjusted model. Quantitative data are expressed as mean ± SD (parametric variables) or median (P25-P75) (non-parametric variables) and qualitative data as frequencies (absolute and relative). P-values < .05 were considered statistically significant and analyses were performed with SPSS software (version 21.0).
Results
A total of 185 patients were included in this study : , and lower BMI (kg/m²) (24.5 ± 6.1 vs 27.8 ± 6.8, P-value = .001) on admission compared with patients at nutrition risk. Regarding disease severity, patients at high nutrition risk had higher SAPS 3 scores (62.0 ± 14.1 vs 53.0 ± 12.9, P-value < .001), and higher SOFA scores (6.9 ± 3.7 vs 5.1 ± 3.1, P-value < .001). In terms of nutrition features, according to the NRS-2002 nutrition risk classification (Table 2) , no difference was found between groups for feeding route, timing of NT, and reaching NT goal in the first week of admission.
A summary of the association between severity of nutrition risk and clinical outcomes is presented in Table 3 . Patients classified as high risk had higher incidences of infection. No differences were found for ICU and hospital LOS, MVd, incidence of weaning failure, tracheotomy, and development of CCI among patients at nutrition risk. The rates of ICU and hospital mortality were higher in patients at high nutrition risk.
Poisson regression was performed to assess the performance of the NRS-2002 nutrition risk cut-offs to predict ICU and hospital mortality adjusted for age, SAPS 3, and type of admission. Patients at high nutrition risk had 2.10-fold the risk of ICU death when compared with risk patients (relative risk [RR], 2.10; 95% CI 1.07-4.14; P-value = .032). The adjusted analysis did not demonstrate such an association with hospital mortality (Table 4) .
Discussion
In the current study, the NRS-2002 nutrition risk score cut-offs for ICU setting were compared in terms of their ability to differentiate patients regarding clinical, sociodemographic, and nutrition characteristics and ICU and hospital morbidity and mortality. NRS-2002 high-risk cutoff showed the ability to distinguish between critically ill patients in terms of age, nutrition data at admission, disease severity, incidence of infections, and ICU and hospital mortality.
The higher the nutrition risk score, the higher the severity score. More NRS-2002 high-risk patients had higher severity scores. Even after adjusting for age, severity score (SAPS 3), and type of admission, NRS-2002 high risk was able to predict the incidence of death; the RR for ICU mortality of patients at high risk was 2.10-fold greater than patients at nutrition risk.
Although widely recommended for use in various populations, one of the criticisms of the use of NRS-2002 in critically ill patients is related to the patient's lack of categorization in terms of disease severity. According to Kondrup, the NRS-2002 screening tool is lacking because it classifies all patients with APACHE II risk scores >10 as being at risk. 4 The author suggests the score should be revised to replace the APACHE II criteria with "length of expected ICU stay >1 week associated with MV," once patients have different backgrounds and those with longer stays and MVd should be classified as having higher nutrition risk. 4 However, our study shows that the NRS-2002 high-risk cutoff point of ࣙ5 suggested for critically ill patients was able to differentiate patients in terms of severity since both SOFA and SAPS 3 scores were higher in this group.
Hospital malnutrition has a prevalency as high as 40%-60% and is associated with an increase in infectious and non-infectious clinical complications, hospital LOS, increased costs, and hospital mortality. 13, 14 Nutrition risk in the ICU is the risk of acquiring complications (infections, muscle weakness, and chronic ventilatory support) that may be associated with undernutrition. 15 In our analysis, nosocomial infection was highest in the high-risk group (P = .010). In the study by Mercadal-Orfila et al with 1075 patients, respiratory and urinary infection rates were higher among patients at nutrition risk (NRS-2002 ࣙ3).
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Some ICU advanced technologies such as mechanical ventilation are associated with muscle injuries and protein depletion. 17, 18 While malnutrition may be a consequence of those therapies, its presence hinders the ability to wean patients from these modalities of life support. Adverse effects of malnutrition in lung function include decreased respiratory function and ventilatory drive. 17 In addition, ICU survivors suffer functional impairment or post-ICU syndrome. 18 Regarding ventilatory-associated outcomes (MVd, weaning failure, tracheotomy, and CCI), our results failed to demonstrate differences marked by nutrition risk severity.
With respect to mortality predictivity of NRS-2002 in the ICU setting, a Turkish study conducted byÖzbilgin et al 12 with 152 patients, found a difference of 1.3 points in NRS-2002 scores (4.56 ± 2.24 vs 5.86 ± 2.34; P-value = .026) between survivors and non-survivors, respectively, on the 28th day. The mean NRS-2002 values agree with the cutoff points proposed by ASPEN and corroborate with our results.
Regarding NT, we found no statistically significant differences among feeding route, timing of NT, and reaching NT goal in the first week. In the high nutrition risk group, 85.9% started early NT and 80.8% reached their nutrition goal in the first week. ASPEN guidelines suggest that patients with high nutrition risk should reach goals as quickly as tolerated over 24-48 hours and efforts should be made to provide >80% of estimated or calculated energy and protein goals within 48-72 hours during the first week of hospitalization. 7 This study has some limitations. The results are derived from a single center's ICU patients; therefore, a further multicenter study is needed to support these findings. The absence of a weight measure at discharge from the ICU and from the hospital to assess a possible association of nutrition risk severity as a weight loss predictor at admission is another aspect for better assessment in further studies. No evaluation of NT impact was performed in this study according to risk severity of NRS-2002. Despite this lack, this aspect was explored to some extent using the NUTRIC score 19 and understanding the ease of use of the NRS-2002, we point out its usefulness.
Conclusion
Although NRS-2002 was not developed for ICU patients, our data suggest the NRS-2002 high-risk cut-off point proposed for the ICU setting is associated with worse clinical outcomes and is a predictor for ICU mortality. Further research is needed to explore these associations and the impact of NT due to specific characteristics of these patients. 
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